ABSTRACT: Fluid and electrolyte transport is driven by transepithelial Cl movement. The opening of Cl-channels in the apical membrane of salivary gland acinar cells initiates the fluid secretion process, whereas the activation of Cl-channels in both the apical and the basolateral membranes of ductal cells is thought to be necessary for NaCl re-absorption. Saliva formation can be evoked by sympathetic and parasympathetic stimulation. The composition and flow rate vary greatly, depending on the type of stimulation. As many as five classes of Cl channels with distinct gating mechanisms have been identified in salivary cells. One of these Cl-channels is activated by intracellular Ca2 , while another is gated by cAMP An increase in the intracel lular free Ca2+ concentration is the dominant mechanism triggering fluid secretion from acinar cells, while cAMP may be required for efficient NaCl re-absorption in many ductal cells. In addition to cAMP-and Ca2+-gated Cl-channels, agonistinduced changes in membrane potential and cell volume activate different Cl-channels that likely play a role in modulating fluid and electrolyte movement. In this review, the properties of the different types of Cl-currents expressed in salivary gland cells are described, and functions are proposed based on the unique properties of these channels.
Ion Transport Mechanisms in Salivary Gland Cells
Trhe primary function of Cl-channels in salivary cells is transepithelial ion transport. The unique properties of the different classes of Cl-channels expressed in salivary cells indicate that these channels are also important in the regulation of cell volume, membrane potential, and intracellular pH. Salivary glands are composed of two basic cell types, acinar (secretory) and ductal cells. Acinar cells secrete an isotonic, plasma-like fluid rich in NaCl. Ductal cells subsequently re-absorb much of the secreted NaCl in a flow-rate-dependent fashion. That is, at slow salivary flow rates, NaCl is re-absorbed, but at fast flow rates, saturation of the uptake mechanism(s) occurs, and the NaCl concentration rises. Because salivary gland ducts are relatively impermeable to water, the final saliva is hypotonic as well as NaCl-poor.
The intent of this review is to focus on the properties of the Cl-channels expressed in salivary cells. However, to describe the functional characteristics of Cl-channels, we must first present a brief overview of the ion transport mechanisms present in salivary cells. A thorough discussion of the fluid secretion process in salivary glands can be found in several excellent reviews (Nauntofte, 1992; Petersen, 1992; Turner et al., 1993; Cook et al., 1994) . ACINAR CELLS A model of a Cl -secreting salivary acinar cell is shown in Fig. 1 . Transepithelial Cl-movement is the driving force for fluid secretion and requires an ion transport mechanism capable of concentrating Cl-above its electrochemical gradient. The intracellular Cl-concentration would be predicted to be 12-15 mM if determined exclusively by the membrane potential. However, Na+/K+/2ClI cotransporters located in the basolateral membrane concentrate intracellular Cl-several-fold above its electrochemical gradient (Nauntofte and Poulsen, 1986; Foskett, 1990) . The Na+/K+/2ClI cotransporter expressed in acinar cells is the "secretory" BSC2 isoform (Lytle and Forbush, 1992; Moore and Turner, personal communications) . The energy required for Cl-uptake via the cotransporter is stored in the inward-directed Na+ chemical gradient created by Na+ pumps. Although not shown in Fig. 1 , Cl-uptake also occurs in some salivary acinar cells via paired Na+/H+ (NHEI isoform) and Cl-/HCO3-exchangers (Nauntofte, 1992; Petersen, 1992; Turneretal., 1993; Cooketal., 1994) .
An increase in the intracellular Ca2+ concentration triggers Cl-efflux and consequently fluid secretion (Martinez and Cassity, 1986; Nauntofte and Poulsen, 1986; Melvin et al., 1987 Melvin et al., , 1991 (Nauntofte, 1992 , Petersen, 1b992, Turner et arl,1993 . Conversely, the ion transporter proteins expressed in ductal cells are not as well-characterized and appear to differ markedly depending on the species, gland, or type of ductal cell under study. Fig. 2 depicts a model for a "typical" NaCI-conserving ductal cell. In contrast to acinar cells, the apical Clchannel in ductal cells acts as a Cl-influx pathway. Ductal cells do not express detectable levels of Na+/Kt/2CI cotransporter activity (Paulais et al., 1994; Zeng et cil., 1997b) , and thus the intracellular Cl-concentration is predicted to be near its electrochemical equilibrium. Consequently, the low intracellular Clconcentration found in ductal cells (Zeng et (Dinudom et cil., 1993 (Paulais et al., 1994; He et al, 1997; Park et cil., 1998b) NHE2 is present and may also be functionally important in ductal cells (He et al., 1997 , Lee et cil., 1998 (Kasai and Augustine, 1990) . Depolarization of the apical membrane following activation of the Na+ channel enhances Cl-influx across the apical Clchannel, whereas activation of K+ channels located in the basolateral membrane produces a negative membrane potential during stimulation to drive Clfrom the cell into the interstitial fluid. Therefore, it is necessary for the membrane potential to oscillate in such a fashion as to favor Cl-uptake at the apical membrane and then Cl-exit across the basolateral membrane. Small Lumen changes in the membrane potential of the ductal cells (only a few millivolts) Figure 2 . Ducta are sufficient to drive NaCI re-absorp-tal cell. Na4 an( tion. However, the NaCI concentration mechanism. In decreases as saliva passes through the depending on t l ductal system. Consequently, it would thebNte pump. be necessary for the magnitude of the neNln t s.
nels In the basol oscillations in the membrane potential Basolateral Na+ to increase to allow for NaCI re-absorp-tively impermea tion. Despite the attractiveness of the 'push-pull" model proposed by Kasai and Augustine, no direct evidence is yet available in salivary cells for this mechanism of NaCI movement.
The resulting final saliva is NaCI-poor and, because the ducts are relatively impermeable to water, also hypotonic. The NHEI isoform of the Na+/H+ exchanger gene family is highly expressed in the basolateral membrane of ductal cells (He et al., 1997; Robertson et al, 1997; Lee et al, 1998 , Park et al, 1999 It seems highly unlikely that this exchanger contributes directly to basolateral Na+ efflux. Enhanced NHEI activity probably buffers the agonist-induced intracellular acidification+
Cl-Channels in Salivary Cells
Similar to other secretory epithelia see also lentsch, 1996; lentsch and Gunther, 1997) , multiple classes of Cl-channels have been described in salivary acinar and ductal cells. These include channels in both cell types activated by intracellular Ca2l, intracellular cAMP, cell swelling, and changes in the membrane potential (see Fig. 3 ). The kinetics, anion permeability, and inhibitor sensitivity of the different classes of channels are generally unique as well. cAMP-activated and the hyperpolarization-gated Clchannels have been identified at the molecular level in salivary cells as CFTR (Zeng et a), 1997a) and CIC-2 (Park et al), 1998), respectively. A summary of the properties of salivary gland Cl-channels is given in the Table. Ca2+-ACTIVATED Cl-CHANNELS The first direct observations of Ca2+-dependent Cl-currents were made in mouse and rat parotid acinar cells (Iwatsuki et at, 1985) . Ca2+ activated Cl-channels in salivary acinar and ductal cells have time-dependent kinetic behavior and a strongly outward-rectifying steady-state current-voltage relation (Ishikawa and Cook, 1993 , Arreola et al, 1995a , 1996a Zhang et al 1995; Lee et al, 1997, Zeng et a)., 1997b). Ca2'-dependent currents are inhibited by Cl-channel blockers such as DIDS (4,4-diisothiocyanatostilbene-2,2-disulfonic acid), DDF (1,9-dideoxyforskolin), NPPB (5-nitro-2-(3-phenylpropylamino)-benzoic acid), DPC (diphenylamine-2-carboxylate), and niflumic acid and have an anion selectivity sequence of > NO3 > Br-> Cl- (Ishikawa and Cook, 1993; Arreola et al, 1996b; Fatherazi et al., 1996) . The activation kinetics in salivary acinar cells is both Ca2+-and Agonist Cl-Channel 7 voltage-dependent, yet membrane voltage alone is unable to activate these channels (Arreola et cii., 1996a) . Activation of the Ca2-dependent Cl-channel in salivary acinar cells is different from the activation of a Ca2+/calmodulin protein kinase 11 (CaMKII)-gated Clchannel, Ca-CC, that was recently cloned from bovine trachea (Cunningham et al., 1995) . Unlike the Ca +-dependent Cl-channel in salivary cells, the activation of Ca-CC is not dependent on Ca2+, but gating is enhanced by increasing concentrations of Ca"± (Cunningham et (Wagner et al., 1991; Worrell and Frizzell, 1991; Morris and Frizzell, 1993, Chao et al., 1995; Schlenker and Fitz, 1996) . In contrast, inhibitors of CaMKII failed to block activation of the Ca2+-dependent channel in rat parotid acinar cells (Arreola et cil., 1996a) . Consistent with this interpretation, Cl-channels in submandibular acinar cells can be activated by Ca2 applied to the intracellular surface in cell-free patches (Martin, 1993) . Interestingly, this channel (Martin, 1993) and the Cl-conductance in secretory granules from rat parotid acinar cells (Watson et al, 1997) appear to be directly activated by G proteins. However, direct comparisons of the different Ca2-activated Clchannels found in submandibular and parotid cells have never been done; therefore, it is premature to assume that they represent a single channel protein.
CAMP-ACTIVATED Cl-CHANNELS
A cAMP-activated current has been observed in both acinar and ductal cells (Dinudom et cil., 1995 (1994, 1996) ; Ishikawa and Cook (1993) ; Komwatana et al. (1994 Komwatana et al. ( , 1995 ; Martin (1993) ; Zeng et al. (1 997a,b). current in mouse ductal cells . It is not clear whether this indicates a species or a tissue difference in the sensitivity of CFTR to glibenclamide. VOLUME-SENSITIVE Cl CHANNELS Volume-sensitive Cl-currents in rat parotid acinar cells are activated by cell swelling and are inhibited by cell shrinkage (Arreola et al., 1995b) . Volume-sensitive channels display a weakly rectifying steady-state current-voltage relation, and at positive membrane potentials the whole-cell current decreases with time (Arreola et al., 1995b) . Other properties include an anion selectivity of 1-> NO3-> Br-> Cl-and sensitivity to inhibitors such as DDF and stilbene derivatives (Arreola et al., 1995b) . A swelling-activated Cl-current with properties similar to those seen in native salivary cells has been described in the human submandibular cell line HSG (Fatherazi et al., 1994 ).
The molecular identity of the volume-activated Clchannel has not been positively determined, although the C1C-3 channel has similar functional properties, including sensitivity to changes in the cell volume (Duan et al., 1997) . CIC-3 is one of at least 9 members of a gene family of voltage-sensitive Cl-channels (Jentsch, 1996;  Jentsch and Gunther, 1997). CIC-3 transcripts have been identified in single rat parotid acinar cells by reversetranscriptase polymerase chain-reaction (Park, personal communications) . Additionally, several putative regulatory proteins of this channel have been reported (Gill et al., 1992; Valverde et al., 1992; Krapivinsky et al., 1994) . The hyperpolarization-gated CIC-2 Cl-channel is also activated by cell swelling when expressed in Xenopus oocytes Thiemann et al., 1992; Jordt and Jentsch, 1997) . However, the kinetic properties of expressed CIC-2 and native ClC-2-like currents are distinctly different from the volume-activated Cl-currents observed in salivary cells (Fatherazi et al., 1994; Arreola et al., 1995b) .
VOLTAGE-ACTIVATED Cl CHANNELS
Two types of voltage-dependent Cl-channels have been described in acinar and ductal cells. The first is a channel with fast voltage-dependent gating similar to ClC-0, although the properties of this channel were not described in detail . These ClC-0-like currents also display rapid inactivation at negative membrane potentials.
The second type of voltage-activated Cl-channel in both acinar and ductal cells is gated by hyperpolarized membrane potentials. This channel exhibits a strongly inward-rectifying steady-state current-voltage relation and time-dependent activation at physiological voltages (more negative than -20 mV; Komwatana et al., 1994; Arreola et al., 1996b; Park et al., 1998) . These currents share many properties with the ubiquitously expressed CIC-2 Cl-channel gene when expressed in Xenopus oocytes (Gruinder et al., 1992; Thiemann et al., 1992) , DRG neurons (Staley et al., 1996) , and HEK 293 cells (Park et al., 1998) . The expression level of CIC-2 mRNA in rat parotid gland was determined (Arreola et al., 1996b) and was found to be considerably lower than in brain, the tissue from which CIC-2 was originally cloned . A 100-kDa protein was identified as CIC-2 by Western analysis in a rat parotid gland membrane preparation (Park et al., 1998) . Furthermore, mRNA transcript identical to the sequence originally reported in rat brain and heart is present in single rat parotid acinar cells (Park et al., 1998) . Taken together, it appears likely that the hyperpolarization-activated currents in salivary cells represent CIC-2 gene expression.
The cloned CIC-2 channel has an anion selectivity of Cl-> Br-> I-and is not blocked by DIDS but is sensitive to inhibitors like 9-AC (anthracene-9-carboxylate) and DPC . In mouse ductal cells, the CIC-2 current was insensitive to all inhibitors tested, including 9-AC and DPC, and the anion selectivity was Cl-> Br-> 1- (Komwatana et al., 1994) . In contrast, the anion selectivity of the ClC-2-like currents in rat parotid acinar cells was approximately equal for Cl-, Br-, and I- (Arreola et al., 1996b) . Little is known about the regulation of the hyperpolization-activated Cl-channel in salivary cells. The ClC-2-like currents in mouse ductal cells are inhibited by cell swelling (Komwatana et al., 1995) . Conversely, when CIC-2 is expressed in an oocyte expression system, CIC-2 currents are activated by swelling (Gruinder et al., 1992; Thiemann et al., 1992; Jordt and lentsch, 1997) .
Function of the Different Cl-Channels in Salivary Gland Cells
Our current knowledge of the contributions of the various classes of Cl-channels to salivary gland function is far from complete. Further studies are required to provide a molecular identification of all the Cl-channels in salivary gland cells and to define the regulation of the different classes of Cl-channels involved in the fluid secretion and NaCl re-absorption process. Nevertheless, sufficient information is available for speculation about the dominant Cl-channel(s) active during different functional states. Emphasis is given to acinar cells, and thus fluid secretion, because more is known about the functional properties of the various ion transport proteins in this cell type.
RESTING CELLS In unstimulated salivary cells, the intracellular cAMP level and the intracellular free lCa2+l level are low, and resting cells are not exposed to osmotic stress. Thus, the activities of the cAMP-dependent, Ca2+-gated, and volume-sensitive Cl channels in resting cells are expected to be minimal. However, Cl-removal drives the membrane potential toward the K+ equilibrium, demonstrating the presence of a resting basal Cl-conductance in acinar cells (Nishiyama and Petersen, 1974; Cook et al., 1988b) . The resting membrane potential is around -60 to -70 mV, which is sufficient to activate the hyperpolarization-gated, ClC-2-like channels in acinar cells (Arreola et al., 1996b; Park et al., 1998) . Thus, it appears that the majority of the Cl-current is carried by the hyperpolarization-activated channels in unstimulated acinar cells. This may not be true in ductal cells where the intracellular ICl-I is predicted to be lower than the concentration required for activation of ClC-2-like currents (Dinudom et al., 1993) . The contribution of ClC-0-like currents to the resting Cl-conductance cannot be ruled out, but seems unlikely based on the activation properties of this channel.
PARASYMPATHETIC CHOLINERGIC STIMULATION Copious amounts of saliva are produced during parasympathetic cholinergic stimulation. Stimulation most likely triggers fluid secretion via activation of M3 muscarinic receptors (Dai et al., 1991; Watson et al., 1996) , whereas in the rat sublingual gland, secretion is mediated by both M1 and M3 receptors (Watson and Culp, 1994; Culp et al., 1996) . Activation of muscarinic receptors increases the intracellular free lCa2+l in both acinar (Merritt and Rink, 1987; Foskett and Melvin, 1989 ) and ductal cells (Dehaye et al., 1993; Lee et al., 1997a,b) . Muscarinic-induced fluid secretion requires a sustained increase in the intracellular lCa2+l which is dependent on external Ca2+ (Douglas and Poisner, 1963; Melvin et al., 1991) . The simplest interpretation of the Ca2+ dependence of secretion is that a sustained Ca2+ influx is required to activate the Ca2+-gated Cl-channel. The fluid secretion model shown in Fig. 1 states that the Ca2+-dependent Cl-channel is located in the apical membrane of acinar cells. No data have been reported to verify this location, although indirect evidence is consistent with this model (Hassoni and Gray, 1994) . Ca2+-dependent Clcurrents have been described in salivary gland ductal cells as well . There is no direct evidence, but it is assumed that these channels may participate in NaCl re-absorption during muscarinic stimulation.
Modulation of Ca2+-dependent Cl channel activity by intracellular pH may play an important role in regulating the rate of fluid and electrolyte secretion. Typically, following the addition of a muscarinic agonist, the intracellular pH initially drops due to HCO3-efflux, apparently via these same Ca2'-activated Cl-channels (Melvin et al., 1988; Soltoff et al., 1989; Zhang et al., 1992) . The magnitude and duration of this pH drop appear to be partially related to the activity of the Ca2+-dependent Cl- channel. The Ca2+-dependent Cl-channel in acinar cells is regulated by pH such that as the intracellular pH decreases, the channel is inhibited (Arreola et al., 1995a; Lee et al., 1997) . It is not clear whether competition is occurring between H+ and Ca2+ at binding site(s) on the channel protein itself (or a regulatory protein) or if protons block single channels. Regardless of the inhibitory mechanism, HCO3-efflux via the Ca2+-activated Cl-channel is blunted, and thus the magnitude of the resulting intracellular pH drop is decreased.
On the other hand, the most important property of the pH-sensitivity of Ca2+-activated Cl-channels may be in sustaining fluid secretion during prolonged stimulation. Up-regulation of Na+/H+ exchangers raises the intracellular pH 0.1-0.3 units higher than the original resting pH (Melvin et al., 1988; Soltoff et al., 1989) . As the intracellular pH rises, the Ca2+-sensitivity of the Cl-channel increases, evoking continued fluid and electrolyte movement even as the cytosolic Ca2+ concentration decreases to near resting levels (Arreola et al., 1995a) .
The current secretion model predicts that the Ca2+_ gated Cl-channel is the primary Cl-channel activated during muscarinic-stimulated secretion. Alternatively, the Ca21 dependency of the fluid secreton process may reside in the Ca2+ sensitivity of the K+ channel. That is, the intracellular Ca2+ concentration may regulate K+ channel gating, whereas another mechanism may activate the Cl-conductance. This implies that another class of Cl-channel besides the Ca2+-dependent Cl-channel is the primary apical Cl-efflux pathway activated during muscarinic stimulation. The cAMP-gated channel is unlikely to fill this role, because muscarinic stimulation does not increase intracellular cAMP levels. Indeed, activation of muscarinic receptors inhibits adenylate cyclase activity (Dai et al., 1991) . Furthermore, the volume-sensitive Cl-channel is not implicated in muscarinic-stimulated secretion, since acinar cells shrink during stimulation, and cell shrinkage inactivates this channel (Arreola et al., 1995b) .
The properties of hyperpolarization-activated, CIC-2-like Cl-currents indicate that this channel may be involved in the muscarinic-induced fluid secretion process. The apical location of the CIC-2 channel in rat small intestine, renal, and airway epithelia suggests that, at least in these tissues, CIC-2 may play a role in regulating fluid and electrolyte movement (Murray et al., 1996) . However, ClC-2-like currents are inactive in low intracellular Cl-concentrations, at least in rat submandibular ductal cells (Dinudom et al., 1993) . The response to muscarinic receptor activation is a rapid and prolonged loss of Cl-content (Martinez and Cassity, 1986; Nauntofte and Poulsen, 1986; Melvin et al., 1987) , which results in a dramatic reduction in the intracellular Cl-concentration (Foskett, 1990; Zeng et al., 1997b) . If the C1C-2-like channels in acinar cells are similarly sensitive to the intracellular Cl-concentration, then it is doubtful that this channel is involved in muscarinic-induced fluid secretion. Alternatively, CIC-2 has many potential phosphorylation sites that could modulate the Cl-sensitivity of the channel.
Muscarinic-stimulated secretion is characterized by shrinkage of the secretory cells, followed by cell swelling once stimulation ceases (Foskett and Melvin, 1989; Nakahari et al., 1990) . Recovery from cell swelling occurs slowly over a period of several minutes (Nakahari et al., 1990) . A regulatory volume decrease (RVD) with a similar time course has been described in many cell types, and this recovery is often mediated by the simultaneous activation of K+ and Cl-channels (Nilius et al., 1996) . The post-stimulation recovery observed in salivary glands most likely uses the same K+ and Cl-channel-dependent mechanism. Therefore, the volume-sensitive Cl-channel is most likely the dominant Cl-conductance activated during RVD in salivary cells. The volume-sensitivity of the CIC-2 channel (Gr0nder et al., 1992; Thiemann et al., 1992; lordt and lentsch, 1997) indicates that the hyperpolarization-activated Cl-channel may also contribute to poststimulation cell volume recovery. However, in mouse ductal cells, the ClC-2-like currents are inhibited by hypotonic-induced cell swelling (Komwatana et al., 1995) .
SYMPATHETIC 1-ADRENERGIC STIMULATION
In contrast to the parasympathetic cholinergic system, sympathetic stimulation generally results in a relatively low salivary flow rate. Activation of 3-adrenergic receptors increases the intracellular levels of cAMP. -adrenergic agonists have also been reported to increase the intracellular Ca2+ concentration, although not as dramatically as muscarinic stimulation (Horn et al., 1988 (Horn et al., , 1989 .
It therefore appears that Ca2+-activated Cl-channels are generally not responsible for the Cl-currents observed during 3-adrenergic stimulation; however, this outcome may depend on the species or gland type (Cook et al., 1988a) .
The cAMP-activated Cl-channel CFTR has been localized to the apical membrane of rat and mouse submandibular acinar and ductal cells by immunohistochemistry (Trezise and Buchwald, 1991; Zeng et al., 1997a) . The relatively low flow rate stimulated by 1-adrenergic receptor activation may reflect the low expression of CFTR in acinar cells. CFTR appears to be expressed in relatively higher levels in ductal cells than in acinar cells, suggesting that it may play a bigger role in NaCl re-absorption by the ducts than in fluid secretion .
It also appears that CFTR may modulate the function of other classes of Cl-channel proteins. For example, an outward-rectifying Cl-current in bronchial epithelial cells distinct from CFTR is activated by cAMP when CFTR is present. Regulation of this channel by cAMP disappears in cells lacking functional CFTR, indicating that CFTR regulates an additional Cl-conductance pathway in airway cells (Egan et al., 1992) . Interestingly, the activity of the epithelial Na+ channel ENaC is inhibited in a cAMPdependent fashion when expressed with CFTR (Stutts et al., 1995) . Ductal cells apparently express an ENaC-like current as well as the CFTR Cl-channel protein in their apical membrane, suggesting that NaCl re-absorption through these two channels may be coupled by intracellular cAMP levels.
Sympathetic 3-adrenergic stimulation up-regulates the Na+/K+/2ClI cotransporter in salivary cells (DeHaye et al., 1993) . This increase in Na+/K+/2ClI cotransporter activity produces an increase in the Cl-content (Martinez et al., 1988) , which gives rise to an increase in cell volume (Foskett, 1990) . Native and expressed CIC-2 Cl-channels can apparently sense the internal Cl-concentration (Dinudom et al., 1993; Chesnoy-Marchais and Fritsch, 1994; Fritsch and Edelman, 1997) and the cell volume (GrOnder et al., 1992; Thiemann et al., 1992; Jordt and Jentsch, 1997) . Channel activity increases as the Cl-concentration and the cell volume increase. Thus, cell swelling induced by intracellular salt accumulation during 3-adrenergic stimulation may activate CIC-2 channels due to an increase in Cl-content and/or via the change in cell volume. The apical location of the hyperpolarization-activated CIC-2 channel in other tissues (Murray et al., 1996) suggests that this channel may be involved in 3-adrenergic-induced fluid secretion and/or NaCl re-absorption. The location of the volume-sensitive Cl-channel in salivary cells is unknown. However, if these Cl-channels are present in the apical membranes of acinar cells, 3-adrenergic-induced cell swelling may initiate the generation of saliva under these conditions.
Summary
Current evidence strongly suggests that parasympathetic cholinergic-stimulated fluid secretion requires the activation of the Ca2+-gated Cl-channel. Consistent with this model, the appearance of acetylcholine-activated, Ca2+-dependent Cl-currents coincides with the development of measurable stimulated fluid secretion from rat submandibular glands (Fatherazi et al., 1996) . In contrast, it is not clear as to which of the four classes of Cl-channels, or combinations thereof, is responsible for sympathetic 3-adrenergic-stimulated secretion. The functional consequences of cystic fibrosis indicate that the cAMP-activated CFTR channel plays an important role in Cl-transport during 3-adrenergic stimulation in salivary glands (Welsh et al., 1995) , although ductal cell function is apparently most compromised in this disease. Moreover, changes in acinar cell volume and intracellular lCa2+l that accompany 3-adrenergic stimulation suggest that volume-sensitive and Ca2+-dependent Cl-channels may also be involved.
CFTR located in the apical membrane of ductal cells apparently plays a significant role in lumenal Cl-uptake. In fact, 3-adrenergic stimulation enhances the absorption of Na+ by ductal cells (Schneyer and Thavornthon, 1973) , most likely due to the functional coupling of CFTR and ENaC (Stutts et al., 1995) . On the other hand, the identity of the basolateral Cl-efflux channel in ductal cells is unknown.
